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(57) ABSTRACT

Provided are an exhaust gas purification filter having a high
particulate matter (PM) combustion efficiency, a low coeffi-
cient of thermal expansion, and superior thermal resistance
and a method for producing the same. An exhaust gas purifi-
cation filter is formed by sintering columnar aluminum titan-
ate particles whose surfaces have a catalyst material depos-
ited thereon and which have an average aspect ratio (=number
average major-axis length/number average minor-axis
length) of 1.3 or more, wherein a catalyst made from the
catalyst material by thermal treatment during the sintering is
supported on the surface of the aluminum titanate.
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EXHAUST GAS PURIFICATION FILTER, AND
METHOD FOR PRODUCING SAME

TECHNICAL FIELD

This invention relates to an exhaust gas purification filter
using aluminum titanate and a method for producing the
same.

BACKGROUND ART

Diesel particulate filters (DPFs) and the like are conven-
tionally used for removal of particulate matter (PM) con-
tained in exhaust gases discharged from internal combustion
engines, particularly diesel engines. The combustion tem-
perature of PM is as high as 550° C. to 650° C., so that high
temperature is required to burn PM. Therefore, as a porous
material used in a DPF and the like, a material is desired
which has low thermal expansivity and superior thermal
shock resistance to avoid the occurrence of fatigue due to
thermal shock within the operating temperature range. Alu-
minum titanate meets these performance demands and has a
high melting point. For this reason, aluminum titanate has
been expected as a porous material used such as fora DPF and
developed in various ways.

Meanwhile, since the combustion of PM requires high
temperature, attention is being paid to a method in which a
catalyst is supported on a DPF to steadily combust PM at low
temperature. The supporting of the catalyst is performed,
after the production of the DPF, by impregnating the DPF
with a solution containing catalyst particles or applying the
solution to the DPF, so that a catalyst layer is formed on the
wall surfaces of the DPF and in the pores of the DPF walls.
However, there arises a problem in that some of the pores are
clogged by the catalyst layer so that pores having been pre-
viously interconnected are isolated from one another to
reduce the number of exhaust gas flow channels, resulting in
reduced PM combustion efficiency.

Patent Literature 1 proposes that in order to provide a
sintered aluminum titanate body having not only high
strength without impairing high melting point and low ther-
mal expansivity characteristics possessed by aluminum titan-
ate but also less degradation in mechanical strength due to
repeated thermal history, a substance formed by adding mag-
nesium oxide and silicon oxide to aluminum titanate is sin-
tered.

Patent Literature 2 discloses the production of an exhaust
gas filter using columnar aluminum titanate and proposes to
produce the exhaust gas filter in which, when the columnar
aluminum titanate particles have a negative coefficient of
thermal expansion in the longitudinal direction, they have a
positive coefficient of thermal expansion in the direction per-
pendicular to the longitudinal direction or in which, when the
columnar particles have a positive coefficient of thermal
expansion in the longitudinal direction, they have a negative
coefficient of thermal expansion in the direction perpendicu-
lar to the longitudinal direction. However, the literature does
not disclose a specific method for manufacturing columnar
aluminum titanate. Furthermore, the literature also does not
disclose specific shape features of the columnar aluminum
titanate, such as the aspect ratio of the columnar shape.

To solve the problem of reduced PM combustion efficiency
due to the formation of a catalyst layer on the DPF wall
surfaces and in the pores of the DPF walls, Patent Literature
3 proposes a method in which a spherical pore-forming agent,
a columnar pore-forming agent, and an inorganic binder are
added in respective predetermined amounts to a catalyst and
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mixed to form a slurry and a support is immersed into the
slurry. However, there arises a problem in that the catalyst
may enter microcracks in the DPF to increase the coefficient
of thermal expansion. There also arises a problem of poor
production efficiency of the catalyst-supported DPF.

CITATION LIST
Patent Literature

Patent Literature 1: JP-A-H01-249657
Patent Literature 2: JP-A-H09-29023
Patent Literature 3: JP-A-2009-663

SUMMARY OF INVENTION
Technical Problem

An object of the present invention is to provide an exhaust
gas purification filter on which a catalyst is supported in a
simple manner, without impregnation with a solution con-
taining catalyst particles or application of the solution after
the production of the exhaust gas purification filter, and which
has a high PM combustion efficiency, a low coefficient of
thermal expansion, and superior thermal resistance and to
provide a method for producing the same.

Solution to Problem

The inventors conducted intensive studies to solve the
above problems, thus found that, by sintering a green body
made of a mixture of columnar aluminum titanate particles
and a catalyst material, an exhaust gas purification filter is
provided in which the catalyst is supported on the surface of
the aluminum titanate and which has a high PM combustion
efficiency, a low coefficient of thermal expansion, and supe-
rior thermal resistance, and completed the present invention.
More specifically, the present invention provides the follow-
ing.

An exhaust gas purification filter of the present invention is
an exhaust gas purification filter formed by sintering colum-
nar aluminum titanate particles whose surfaces have a cata-
lyst material deposited thereon and which have an average
aspect ratio (=number average major-axis length/number
average minor-axis length) of 1.3 or more, wherein a catalyst
made from the catalyst material by thermal treatment during
the sintering is supported on the surface of the aluminum
titanate.

A method for producing the exhaust gas purification filter
of the present invention is a method that can produce the
exhaust gas purification filter of the present invention and
includes the steps of: producing columnar aluminum titanate
particles having an average aspect ratio (=number average
major-axis length/number average minor-axis length) of 1.3
or more; extruding a mixture containing the columnar alumi-
num titanate particles and the catalyst material to produce a
filter green body; and thermally treating the filter green body
to sinter the columnar aluminum titanate particles and con-
currently thermally treating the catalyst material to form a
catalyst, resulting in production of an exhaust gas purification
filter in which the catalyst is supported on the surface of the
aluminum titanate.

The average aspect ratio of the columnar aluminum titanate
particles used in the present invention is more preferably 1.5
or more and the upper limit of the average aspect ratio is
generally, but not necessarily limited to, 5 or less.
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In the present invention, the number average minor-axis
length of the columnar aluminum titanate particles is prefer-
ably 10 um or less. The number average minor-axis length
thereof is more preferably within the range of 5 to 10 pm. On
the other hand, the number average major-axis length thereof
is preferably within the range of 7 to 17 um.

The number average major-axis length and number aver-
age minor-axis length of columnar aluminum titanate par-
ticles can be measured by a flow particle image analyzer, for
example.

In the present invention, the catalyst to be supported on the
surface of the aluminum titanate preferably contains a com-
posite oxide containing: at least one metal of alkali metals and
alkaline earth metals; and at least one of Al, Si, Ti, and Zr.
Examples of'the catalyst include, for example, those shown in
Table 1 below.

TABLE 1
Al- Ti- Al—Si- Al—Ti- Zr-
containing containing containing containing containing
MgALO, Mg, TiO, KAISiO, K s5Al sTigsO16  SrZrO;
Sr3ALOg Sr,TiO,  BaAlLSi,Og SrAlgTi; 09 CaZrO,
SrAl,O, Sr;TL,0,  CaAlSi,Og Na,ALTigO, ¢ BaZrO,
CaAl,O, SrTiO; LiAISiO, CsAITIO, Na,ZrO;
Ba,TiO,  CsAlSiO,
Li,TiO;  NaAlSiO,
LiyTisOp5  SrALSi,Og
NaAlSi,Og
KAISi,O4
KLALSIOq
Na,K,_,AlSiO,

In the present invention, the catalyst can be formed by
depositing the catalyst material on the surfaces of the colum-
nar aluminum titanate particles and thermally treating the
catalyst material by the thermal treatment during the sintering
of the columnar aluminum titanate particles. Thus, the cata-
lyst can be synthesized concurrently with the sintering of a
green body for the exhaust gas purification filter of the present
invention, so that the catalyst can be supported on the exhaust
gas purification filter in a simple manner.

Therefore, the catalyst in the present invention should pref-
erably be one which can be synthesized by the thermal treat-
ment of the catalyst material at a lower temperature than the
thermal treatment temperature during the sintering of the
columnar aluminum titanate particles. The sintering tempera-
ture for columnar aluminum titanate particles is generally
within the range of 1300° C. to 1600° C. For this reason,
generally, it is preferred to select a catalyst and a catalyst
material which can be synthesized at a temperature within the
range of 1300° C. to 1600° C. and lower than during the
thermal treatment for the sintering.

The exhaust gas purification filter of the present invention
preferably has a porosity of 40% to 60%. Ifthe porosity is less
than 40%, secondary PM particles will be likely to clog the
pores to increase the pressure loss, which is unfavorable. In
addition, the clogging of pores deteriorates the contact
between PM and the catalyst, which is unfavorable also in
view of PM combustion. The porosity is more preferably 45%
to 55%.

In the present invention, the coefficient of thermal expan-
sion of the filter green body in a direction of the extrusion
between 30° C. and 800° C. is preferably 1.0x1075/° C. orless
and the c-axis crystal orientation ratio of the filter green body
in the direction of the extrusion is preferably 0.7 or more.
Since the coefficient of thermal expansion is 1.0x1075/° C. or
less, the filter can have a property of superior thermal shock
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4

resistance. The coefficient of thermal expansion is more pref-
erably 0.0x107%/° C. or less and the lower limit of the coefli-
cient of thermal expansion is generally, but not necessarily
limited to, —=2.0x107%/° C. or more.

Since the c-axis crystal orientation ratio in the direction of
the extrusion is 0.7 or more, the coefficient of thermal expan-
sion in the direction of extrusion can be small.

The c-axis crystal orientation ratio of the filter green body
of'the present invention in the direction of the extrusion can be
determined from the following formula.

The c-axis crystal orientation ratio of the filter green
body in the direction of extrusion=4/(4+5B)

A: the degree of c-axis orientation of the filter green body
in the direction of extrusion, Iyq,/(Inpa+230)

B: the degree of c-axis orientation of the filter green body
in the vertical direction, 1o,/ (Igga+1550)

To0» and 1,5, represent the peak intensity (I,,) of the (002)
plane and the peak intensity (I,5,) of the (230) plane, respec-
tively, wherein the extrusion surface of the filter green body is
X-ray diffracted in respect of the degree of c-axis orientation
in the direction of the extrusion or the vertical surface of the
filter green body is X-ray diffracted in respect of the degree of
c-axis orientation in the vertical direction.

In the columnar aluminum titanate particles in the present
invention, the c-axis extends along the longitudinal direction
of the columnar structure. Therefore, when the filter green
body is formed by extrusion, the c-axes of crystals are aligned
in the direction of extrusion. Thus, the coefficient of thermal
expansion in the direction of extrusion can be small.

An example of a method for producing the columnar alu-
minum titanate particles in the present invention is a method
including the steps of: mixing a source material containing a
titanium source, an aluminum source, and a magnesium
source while mechanochemically milling the source material;
and firing the milled mixture.

By using a milled mixture obtained by mixing a source
material containing a titanium source, an aluminum source,
and a magnesium source while mechanochemically milling it
and firing the milled mixture, columnar aluminum titanate
particles having an average aspect ratio of 1.3 or more can be
produced.

The temperature for firing the milled mixture is preferably
within the temperature range of 1300° C. to 1600° C. By firing
the milled mixture within this temperature range, the colum-
nar aluminum titanate particles in the present invention can be
more efficiently produced.

No particular limitation is placed on the firing time, but the
firing is preferably performed for 0.5 to 20 hours.

An example of the mechanochemical milling is a method
of' milling the source material while giving it physical impact.
A specific example thereof'is milling using a vibration mill. It
can be considered that by performing a milling process using
a vibration mill, a disorder of atomic arrangement and a
reduction of interatomic distance are concurrently caused by
shear stress due to frictional grinding of the powder mixture,
and this causes atom transfer at contact points between dif-
ferent kinds of particles, resulting in the formation of a meta-
stable phase. Thus, a high reaction activity milled mixture is
obtained. By firing the high reaction activity milled mixture,
the columnar aluminum titanate particles in the present inven-
tion can be produced.

The mechanochemical milling is performed in a dry pro-
cess using neither water nor solvent.

No particular limitation is placed on the time of mixing
involved in the mechanochemical milling, but it is generally
preferably within the range of 0.1 to 6 hours.
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The source material for the columnar aluminum titanate
particles used in the present invention preferably contains a
titanium source, an aluminum source, and a magnesium
source. Examples of the titanium source that can be used
include compounds containing titanium oxide, and specific
examples thereof include titanium oxide, rutile ores, wet cake
of titanium hydroxide, and aqueous titania.

Examples of the aluminum source that can be used include
compounds that can produce aluminum oxide by heat appli-
cation, and specific examples thereof include aluminum
oxide, aluminum hydroxide, and aluminum sulfate. Of these,
aluminum oxide is particularly preferably used.

The mixing ratio of the titanium source and the aluminum
source is basically Ti:Al=1:2 (in molar ratio). However, a
change of plus or minus about 10% in content of each source
will present no problem.

Examples of the magnesium source that can be used
include compounds that can produce magnesium oxide by
heat application, and specific examples thereof include mag-
nesium hydroxide, magnesium oxide, and magnesium car-
bonate. Of these, magnesium hydroxide and magnesium
oxide are particularly preferably used.

The magnesium source is preferably contained in the
source material to give a content of 0.5% to 2.0% by weight
relative to the total amount of the titanium source and the
aluminum source in terms of their respective oxides. If the
magnesium content is below 0.5% by weight, a sintered body
having a low coefficient of thermal expansion and high
mechanical strength may not be able to be obtained. On the
other hand, if the magnesium content is above 2.0% by
weight, columnar aluminum titanate particles having an aver-
age aspect ratio of 1.3 or more may not be able to be obtained.

Furthermore, in the method for producing the aluminum
titanate particles in the present invention, a silicon source may
be further contained in the source material.

By containing a silicon source in the source material, the
decomposition of aluminum titanate can be reduced, whereby
columnar aluminum titanate particles superior in high-tem-
perature stability can be produced.

Examples of the silicon source include silicon oxide and
silicon. Of these, silicon oxide is particularly preferably used.
The content of the silicon source in the source material is
preferably within the range of 0.5% to 10% by weight relative
to the total amount of the titanium source and the aluminum
source in terms of their respective oxides. If the content of the
silicon source is within the above range, columnar aluminum
titanate particles can be more stably produced.

The mixture containing the columnar aluminum titanate
particles and the catalyst material can be prepared, for
example, with the addition of a pore-forming agent, a binder,
adispersant, and water. The exhaust gas purification filter can
be produced by forming the mixture into a green body pro-
viding a honeycomb structure, for example, by using an
extruder, sealing one of two end openings of each cell of the
honeycomb structure so that the cell end openings at each end
of the honeycomb structure give a checkered pattern, drying
the green body and then firing the obtained green body. The
firing temperature is, for example, 1300° C. to 1600° C. The
firing time is, for example, one to five hours.

Examples of the catalyst material include mixtures con-
taining: at least one compound of alkali metal salts and alka-
line earth metal salts; and at least one of an aluminum source,
a silicon source, a titanium source, and a zirconium source.

Examples of the alkali metal include lithium, sodium,
potassium, rubidium, cesium, and francium. Examples of the
alkali earth metal include magnesium, calcium, strontium,
barium, and radium.
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The alkali metal salts include alkali metal carbonates;
alkali metal hydrogen carbonates; alkali metal hydroxides;
alkali metal organic acid salts, such as alkali metal acetates;
alkali metal sulfates; and alkali metal nitrates, but the pre-
ferred alkali metal salts are alkali metal carbonates.

The alkaline earth metal salts include alkaline earth metal
carbonates; alkaline earth metal hydrogen carbonates; alka-
line earth metal hydroxides; alkaline earth metal organic acid
salts, such as alkaline earth metal acetates; alkaline earth
metal sulfates; and alkaline earth metal nitrates, but the pre-
ferred alkaline earth metal salts are alkaline earth metal car-
bonates.

Examples of the aluminum source that can be used include
compounds that can produce aluminum oxide by heat appli-
cation, and specific examples thereof include aluminum
oxide, aluminum hydroxide, and aluminum sulfate. Of these,
aluminum hydroxide is particularly preferably used.

Examples of the silicon source include silicon oxide and
silicon. Ofthese, silicon oxide is particularly preferably used.

Examples of the titanium source that can be used include
compounds containing titanium oxide, and specific examples
thereof include titanium oxide, rutile ores, wet cake of tita-
nium hydroxide, and aqueous titania. Examples of the zirco-
nium source include zirconium oxide, zirconium carbonate
hydrate, and zirconium sulfate hydrate, but the preferred is
zirconium oxide.

The catalyst material is preferably compounded into 100
parts by weight of columnar aluminum titanate particles to
produce 5 to 100 parts by weight of catalyst. More preferably,
the catalyst material is compounded into it to produce 5 to 50
parts by weight of catalyst. If the amount of catalyst is more
than 100 parts by weight, pores may be clogged to decrease
the PM combustion efficiency. Ifthe amount of catalyst is less
than 5 parts by weight, the effects due to the use of the catalyst
may not be able to be obtained.

Examples of the pore-forming agent include graphite,
wood powder, and polyethylene. Examples of the binder
include methylcellulose, ethylcellulose, and polyvinyl alco-
hol. Examples of the dispersant include fatty acid soap and
ethylene glycol. The amounts of pore-forming agent, binder,
dispersant, and water can be appropriately controlled.

Advantageous Effects of Invention

In the present invention, by the use of columnar aluminum
titanate particles, the coefficient of thermal expansion of the
exhaust gas purification filter can be further reduced and the
strength of the exhaust gas purification filter can be increased.
In addition, a large number of interconnected pores can be
formed in the wall surfaces and walls of the exhaust gas filter,
resulting in increased PM combustion efficiency.

By sintering an exhaust gas purification filter green body
made of columnar aluminum titanate particles and a catalyst
material, a catalyst can be supported on the surface of the
aluminum titanate.

The catalyst supported on the surface of the aluminum
titanate based on the present invention is strongly bonded to
the aluminum titanate and therefore can reduce the occur-
rence of peel-off of the catalyst. In addition, since it can be
avoided to clog the pores in the exhaust gas purification filter
made of columnar aluminum titanate particles, this results in
increased PM combustion efficiency. Furthermore, since the
catalyst is synthesized concurrently with the sintering of the
green body, the catalyst can be supported without entering
microcracks in the sintered body, so that the exhaust gas
purification filter can maintain a low coefficient of thermal
expansion.
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Since in the exhaust gas purification filter of the present
invention both of the catalyst and aluminum titanate as the
support have superior thermal resistance, the exhaust gas
purification filter can prevent the catalyst from being deterio-
rated owing to high temperatures during abnormal combus-
tion. Furthermore, since the exhaust gas purification filter can
combust PM from when it is still at low temperature, it can
increase fuel economy.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a SEM photograph showing columnar aluminum
titanate particles obtained in Production Example 1 according
to the present invention.

FIG. 2 is a SEM photograph showing granular aluminum
titanate particles obtained in Production Example 3 as a com-
parison.

FIG. 3 is a SEM photograph showing a sintered honey-
comb body obtained in Example 3 according to the present
invention.

FIG. 4 is a SEM photograph showing a sintered honey-
comb body obtained in Comparative Example 2.

FIG. 5 is aperspective view showing a sintered honeycomb
body.

FIG. 6 is a perspective view showing a sample for measur-
ing the porosity of the sintered honeycomb body.

FIG. 7 is a schematic view illustrating a method for mea-
suring the bending strength of the sintered honeycomb body.

FIG. 8 is a perspective view showing a measurement
sample for the coefficient of thermal expansion of the sintered
honeycomb body.

FIG. 9 is a perspective view illustrating production of a
measurement sample for measuring X-ray diffraction of an
extrusion surface of the sintered honeycomb body.

FIG. 10 is a perspective view showing the measurement
sample for measuring X-ray diffraction of the extrusion sur-
face of the sintered honeycomb body.

FIG. 11 is a perspective view illustrating production of a
measurement sample for measuring X-ray diffraction of a
vertical surface of the sintered honeycomb body.

FIG. 12 is a perspective view showing the measurement
sample for measuring X-ray diffraction of the vertical surface
of the sintered honeycomb body.

FIG. 13 is a graph showing an X-ray diffraction pattern
chart of the columnar aluminum titanate particles obtained by
Production Example 1 according to the present invention.

FIG. 14 is a graph showing an X-ray diffraction pattern
chart of a sintered honeycomb body obtained in Example 1
according to the present invention.

FIG. 15 is a graph showing an X-ray diffraction pattern
chart of a sintered honeycomb body obtained in Example 2
according to the present invention.

FIG. 16 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in Example 3
according to the present invention.

FIG. 17 is a graph showing an X-ray diffraction pattern
chart of a sintered honeycomb body obtained in Example 4
according to the present invention.

FIG. 18 is a graph showing an X-ray diffraction pattern
chart of a sintered honeycomb body obtained in Example 5
according to the present invention.

DESCRIPTION OF EMBODIMENTS

Hereinafter, the present invention will be described with
reference to specific examples, but is not limited by the fol-
lowing examples.
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Production Method of Columnar Aluminum Titanate
Particles

Production Example 1

An amount 01 360.0 g of titanium oxide, 411.1 g of alumi-
num oxide, 9.7 g of magnesium hydroxide, and 19.0 g of
silicon oxide were mixed for 2.0 hours while being milled by
a vibration mill.

An amount of 500 g of the milled mixture powder obtained
in the above manner was packed into a crucible and then fired
at 1500° C. for four hours in an electric furnace. When the
resultant product was identified in terms of crystal phase by
X-ray diftractometry, it was found to be Al,TiO;.

Furthermore, the obtained product was observed in terms
of shape with a scanning electron microscope (SEM) and
measured, by flow particle image analysis, in terms of aspect
ratio (=number average major-axis length/number average
minor-axis length). Table 2 shows the composition, shape,
number average major-axis length, number average minor-
axis length, and aspect ratio.

FIG. 1 is a SEM photograph showing columnar aluminum
titanate particles obtained in this production example.

FIG. 13 is a graph showing an X-ray diffraction pattern
chart of the columnar aluminum titanate particles obtained in
this production example.

Production Example 2

An amount ot 354.7 g of titanium oxide, 405.0 g of alumi-
num oxide, 21.3 g of magnesium hydroxide, and 19.0 g of
silicon oxide were mixed for 2.0 hours while being milled by
a vibration mill.

An amount of 500 g of the milled mixture powder obtained
in the above manner was packed into a crucible and then fired
at 1500° C. for four hours in an electric furnace. When the
resultant product was identified in terms of crystal phase by
X-ray diffractometry, it was found to be AL, TiO..

Furthermore, the obtained product was observed in terms
of shape with a scanning electron microscope (SEM) and
measured, by flow particle image analysis, in terms of aspect
ratio (=number average major-axis length/number average
minor-axis length). Table 2 shows the composition, shape,
number average major-axis length, number average minor-
axis length, and aspect ratio.

Production Method of Granular Aluminum Titanate
Particles

Production Example 3

An amount of 340.1 g of titanium oxide, 388.3 g of alumi-
num oxide, 52.6 g of magnesium hydroxide, and 19.0 g of
silicon oxide were mixed for 2.0 hours while being milled by
a vibration mill.

An amount of 500 g of the milled mixture powder obtained
in the above manner was packed into a crucible and then fired
at 1500° C. for four hours in an electric furnace. When the
resultant product was identified in terms of crystal phase by
X-ray diftractometry, it was found to be Al,TiO;.

Furthermore, the obtained product was observed in terms
of shape with a scanning electron microscope (SEM) and
measured, by flow particle image analysis, in terms of aspect
ratio (=number average major-axis length/number average
minor-axis length). Table 2 shows the composition, shape,
number average major-axis length, number average minor-
axis length, and aspect ratio.
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FIG. 2 is a SEM photograph showing granular aluminum
titanate particles obtained in this production example.

Table 2 shows the respective compositions, shapes, major-
axis lengths (number average major-axis lengths), minor-axis
lengths (number average minor-axis lengths), and aspect
ratios of the aluminum titanate produces obtained in Produc-
tion Examples 1 to 3.

TABLE 2
Major-  Minor-
Axis Axis
Length Length Aspect
Composition Shape (pm) (nm) Ratio
Production Ex. 1~ ALTiOs columnar 15.8 8.9 1.8
Production Ex. 2 ALTiOs columnar 11.7 8.7 1.3
Production Ex. 3 ALTiOs granular 12.2 11.6 1.1

As shown in Table 2, aluminum titanate products obtained
in Production Examples 1 and 2 are columnar aluminum
titanate particles having an aspect ratio of 1.3 or more. On the
other hand, an aluminum titanate product obtained in Produc-
tion Example 3 is granular aluminum titanate particles having
an aspect ratio of below 1.3.

Production of Sintered Honeycomb Body

Using the aluminum titanate products obtained in Produc-
tion Examples 1 to 3, sintered honeycomb bodies were pro-
duced in the following manners.

Example 1

Compounded into 80 parts by weight of the columnar
aluminum titanate particles obtained in Production Example
1 were a catalyst material (containing 3.3 parts by weight of
sodium carbonate, 4.85 parts by weight of aluminum hydrox-
ide, and 14.9 parts by weight of titanium oxide), 20 parts by
weight of graphite, 10 parts by weight of methylcellulose, and
0.5 parts by weight of fatty acid soap. A suitable amount of
water was also added to the mixture and the mixture was then
kneaded to obtain an extrudable clay.

The obtained clay was extruded and formed into a honey-
comb structure by an extruder to obtain a filter green body.
The cell density of the die used for this production example
was, in any case, 300 cells/inch® (46.5 cells/cm?®) and the
partition thickness was 500 pum.

Prepared was a slurry the solid of which was made of the
columnar aluminum titanate particles and the catalyst mate-
rial as described above and to which an additive, such as a
viscosity modifier, was added. The slurry was applied in some
of the cells of the filter green body having a honeycomb
structure to seal some of the cell openings so that the open
cells and sealed cells of the honeycomb structure gave a
checkered pattern.

Next, the filter green body was dried by a hot-air dryer and
the obtained green body was then fired at 1450° C. for an hour
to obtain a sintered honeycomb body. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO; and a crystal phase of Na,Al, Ti O,.

FIG. 14 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in this
example.

Example 2

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
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changed to one containing 12.0 parts by weight of cesium
carbonate, 5.74 parts by weight of aluminum hydroxide, and
5.88 parts by weight of titanium oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO, and a crystal phase of CsAITiO,.

FIG. 15 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in this
example.

Example 3

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
changed to one containing 7.46 parts by weight of sodium
carbonate, 10.98 parts by weight of aluminum hydroxide, and
8.46 parts by weight of silicon oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO5 and a crystal phase of NaAlSiO,.

FIG. 16 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in this
example.

FIG. 3 is a SEM photograph showing the sintered honey-
comb body obtained in this example.

Example 4

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
changed to one containing 9.06 parts by weight of strontium
carbonate, 9.58 parts by weight of aluminum hydroxide, and
7.38 parts by weight of silicon oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of Al,TiO5 and a crystal phase of SrAl,Si,05.

FIG. 17 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in this
example.

Example 5

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
changed to one containing 8.74 parts by weight of potassium
carbonate, 9.86 parts by weight of aluminum hydroxide, and
7.60 parts by weight of silicon oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO5 and a crystal phase of KAISiO,,.

FIG. 18 is a graph showing an X-ray diffraction pattern
chart of the sintered honeycomb body obtained in this
example.

Example 6

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
changed to one containing 3.53 parts by weight of sodium
carbonate, 4.60 parts by weight of potassium carbonate,
10.39 parts by weight of aluminum hydroxide, and 8.01 parts
by weight of silicon oxide. When the resultant sintered hon-
eycomb body was identified in terms of crystal phase by
X-ray diffractometry, it was found to have a crystal phase of
AL TiO; and a crystal phase of Na,, ;K sAlSiO,,.

Example 7

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
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changed to one containing 1.37 parts by weight of sodium
carbonate, 7.14 parts by weight of potassium carbonate,
10.07 parts by weight of aluminum hydroxide, and 7.76 parts
by weight of silicon oxide. When the resultant sintered hon-
eycomb body was identified in terms of crystal phase by
X-ray diftractometry, it was found to have a crystal phase of
AL, TiO; and a crystal phase of Na,, ,K,, AlSiO,,.

Example 8

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the catalyst material was
changed to one containing 5.84 parts by weight of sodium
carbonate, 1.90 parts by weight of potassium carbonate,
10.74 parts by weight of aluminum hydroxide, and 8.27 parts
by weight of silicon oxide. When the resultant sintered hon-
eycomb body was identified in terms of crystal phase by
X-ray diftractometry, it was found to have a crystal phase of
AL, TiO; and a crystal phase of Na,, (K, ,AlSiO,,.

Example 9

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the amount of the colum-
nar aluminum titanate particles obtained in the Production
Example 1 was changed to 90 parts by weight and the catalyst
material was changed to one containing 1.65 parts by weight
of sodium carbonate, 2.43 parts by weight of aluminum
hydroxide, and 7.45 parts by weight of titanium oxide. When
the resultant sintered honeycomb body was identified in terms
of crystal phase by X-ray diffractometry, it was found to have
a crystal phase of AL, TiO; and a crystal phase of
Na,Al,TigO .

Example 10

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the amount of the colum-
nar aluminum titanate particles obtained in the Production
Example 1 was changed to 60 parts by weight and the catalyst
material was changed to one containing 6.6 parts by weight of
sodium carbonate, 9.7 parts by weight of aluminum hydrox-
ide, and 29.8 parts by weight of titanium oxide. When the
resultant sintered honeycomb body was identified in terms of
crystal phase by X-ray diffractometry, it was found to have a
crystal phase of Al, TiO and a crystal phase of Na,Al, Ti O 4.

Example 11

A sintered honeycomb body was obtained in the same
manner as in Example 1 except that the firing temperature for
the green body was changed to 1350° C. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of AL, TiO; and a crystal phase of Na,Al, Ti;O,.

Example 12

Compounded into 80 parts by weight of the columnar
aluminum titanate particles obtained in Production Example
2 were a catalyst material (containing 3.3 parts by weight of
sodium carbonate, 4.85 parts by weight of aluminum hydrox-
ide, and 14.9 parts by weight of titanium oxide), 20 parts by
weight of graphite, 10 parts by weight of methylcellulose, and
0.5 parts by weight of fatty acid soap. A suitable amount of
water was also added to the mixture and the mixture was then
kneaded to obtain an extrudable clay.
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The obtained clay was extruded and formed into a honey-
comb structure by an extruder to obtain a filter green body.
The cell density of the die used for this production example
was, in any case, 300 cells/inch® (46.5 cells/cm?®) and the
partition thickness was 500 pm.

Prepared was a slurry the solid of which was made of the
columnar aluminum titanate particles and the catalyst mate-
rial as described above and to which an additive, such as a
viscosity modifier, was added. The slurry was applied in some
of'the cells of the green body having a honeycomb structure to
seal some of the cell openings so that the open cells and sealed
cells of the honeycomb structure gave a checkered pattern.

Next, the filter green body was dried by a hot-air dryer and
the obtained green body was then fired at 1450° C. for an hour
to obtain a sintered honeycomb body. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO, and a crystal phase of Na,Al,Ti,O,.

Example 13

A sintered honeycomb body was obtained in the same
manner as in Example 12 except that the catalyst material was
changed to one containing 12.0 parts by weight of cesium
carbonate, 5.74 parts by weight of aluminum hydroxide, and
5.88 parts by weight of titanium oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of Al,TiO5 and a crystal phase of CsAlTiO,.

Example 14

A sintered honeycomb body was obtained in the same
manner as in Example 12 except that the catalyst material was
changed to one containing 7.46 parts by weight of sodium
carbonate, 10.98 parts by weight of aluminum hydroxide, and
8.46 parts by weight of silicon oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of A1, TiO5 and a crystal phase of NaAlSiO,.

Example 15

A sintered honeycomb body was obtained in the same
manner as in Example 12 except that the catalyst material was
changed to one containing 9.06 parts by weight of strontium
carbonate, 9.58 parts by weight of aluminum hydroxide, and
7.38 parts by weight of silicon oxide. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of Al,TiO5 and a crystal phase of SrAl,Si,05.

Examples 16 to 19

To evaluate the thermal resistance of the sintered honey-
comb bodies obtained in Examples 1 to 4, the sintered hon-
eycomb bodies obtained in Examples 1 to 4 were fired (aged)
at 1000° C. for four hours to obtain sintered honeycomb
bodies of Examples 16 to 19.

Comparative Example 1

Compounded into 80 parts by weight of the granular alu-
minum titanate particles obtained in Production Example 3
were a catalyst material (containing 3.3 parts by weight of
sodium carbonate, 4.85 parts by weight of aluminum hydrox-
ide, and 14.9 parts by weight of titanium oxide), 20 parts by
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weight of graphite, 10 parts by weight of methylcellulose, and
0.5 parts by weight of fatty acid soap. A suitable amount of
water was also added to the mixture, and the mixture was then
kneaded to obtain an extrudable clay.

The obtained clay was extruded and formed into a honey-
comb structure by an extruder to obtain a filter green body.
The cell density of the die used for this production example
was, in any case, 300 cells/inch? (46.5 cells/cm?®) and the
partition thickness was 500 pum.

Prepared was a slurry the solid of which was made of the
granular aluminum titanate particles and the catalyst material
as described above and to which an additive, such as a vis-
cosity modifier, was added. The slurry was applied in some of
the cells of the green body having a honeycomb structure to
seal some of the cell openings so that the open cells and sealed
cells of the honeycomb structure gave a checkered pattern.

Next, the filter green body was dried by a hot-air dryer and
the obtained green body was then fired at 1450° C. for an hour
to obtain a sintered honeycomb body. When the resultant
sintered honeycomb body was identified in terms of crystal
phase by X-ray diffractometry, it was found to have a crystal
phase of AL, TiO; and a crystal phase of Na,Al, Ti;O,.

Comparative Example 2

Compounded into 100 parts by weight of the columnar
aluminum titanate particles obtained in Production Example
1 were parts by weight of graphite, 10 parts by weight of
methylcellulose, and 0.5 parts by weight of fatty acid soap. A
suitable amount of water was also added to the mixture and
the mixture was then kneaded to obtain an extrudable clay.

The obtained clay was extruded and formed into a honey-
comb structure by an extruder to obtain a green body. The cell
density of the die used for this production example was, in any
case, 300 cells/inch® (46.5 cells/cm?) and the partition thick-
ness was 500 um.

Prepared was a slurry the solid of which was made of the
columnar aluminum titanate particles as described above and
to which an additive, such as a viscosity modifier, was added.
The slurry was applied in some of the cells of the green body
having a honeycomb structure to seal some of the cell open-
ings so that the open cells and sealed cells of the honeycomb
structure gave a checkered pattern.

Next, the filter green body was dried by a hot-air dryer and
the obtained green body was then fired at 1450° C. for an hour
to obtain a sintered honeycomb body.

FIG. 4 is a SEM photograph showing the sintered honey-
comb body obtained in this comparative example.

Comparative Example 3

An amount of 30 g of y-alumina (manufactured by Wako
Pure Chemical Industries, [.td.) was added to and mixed with
6.0 g of 5% by weight solution of diamminedinitro platinum
(IT) nitrate and the mixture was evaporated to dryness to
support platinum on y-alumina.

This product was ground in a mortar and thermally treated
at 500° C. for an hour in the atmospheric environment in an
electric furnace to obtain platinum-supported alumina pow-
der.

The obtained platinum-supported alumina powder, water,
and a binder were mixed to obtain a slurry. The sintered
honeycomb body obtained in Comparative Example 2 was
wash-coated with the slurry by sucking the slurry into the
sintered honeycomb body and removing surplus slurry by air
blowing. The sintered honeycomb body was dried and then
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thermally treated at S00° C. for an hour in the atmospheric
environment in an electric furnace.

Comparative Examples 4 to 6

To evaluate the thermal resistance of the sintered honey-
comb bodies obtained in Comparative Examples 1 to 3, the
sintered honeycomb bodies obtained in Comparative
Examples 1 to 3 were fired (aged) at 1000° C. for four hours
to obtain sintered honeycomb bodies of Comparative
Examples 4 to 6.

Evaluation of Sintered Honeycomb Body

Each of the obtained sintered honeycomb bodies was mea-
sured in terms of porosity, bending strength, coefficient of
thermal expansion, degree of crystal orientation, initial pres-
sure loss, PM combustion onset temperature, and DPF regen-
eration rate in the following manners.

(Porosity)

FIG. 5 is a perspective view showing a sintered honeycomb
body. As shown in FIG. 5, the sintered honeycomb body 1 has
eight by eight cells and its end surface 1a has a size of 1.8 cm
by 1.8 cm. The arrow A represents a direction of extrusion and
the arrow B represents a direction perpendicular to the direc-
tion of extrusion A.

A measurement sample for porosity was obtained by cut-
ting, out of a central portion 2 of the above sintered honey-
comb body 1 made up of eight by eight cells, a portion thereof
corresponding to two by two cells to give a length of approxi-
mately 2 cm along the direction of extrusion A.

FIG. 6 is a perspective view showing the measurement
sample 3. Each sintered honeycomb body was measured,
using the measurement sample 3 shown in FIG. 6, in term of
porosity in conformity with JIS R1634. The results are shown
in Table 3.

(Bending Strength)

As shown in FIG. 7, each sintered honeycomb body was
measured in terms of bending strength in conformity with JIS
R1601 by pressing a pressing rod 10 against a midportion of
the sintered honeycomb body 1 of eight by eight cells with the
sintered honeycomb body 1 supported at bearing points 11
and 12. The results are shown in Table 3.

(Coefficient of Thermal Expansion)

In the same manner as in the measurement sample 3 for
porosity described with reference to FIGS. 5 and 6, a mea-
surement sample 3 was obtained by cutting, out of a central
portion 2 of the sintered honeycomb body 1 made up of eight
by eight cells, a portion thereof to give a length of approxi-
mately 2 cm along the direction of extrusion A. As shown in
FIG. 8, each measurement sample 3 was measured in terms of
coefficient of thermal expansion in the direction of extrusion
A in conformity with JIS R1618. The results are shown in
Table 3.

(Crystal Orientation Ratio)

The c-axis crystal orientation ratios of the obtained sin-
tered honeycomb bodies were measured as crystal orientation
ratios thereof.

The crystal orientation ratio was calculated from the degree
of crystal orientation in the direction of extrusion and the
degree of crystal orientation in the direction perpendicular to
the direction of extrusion (degree of crystal orientation in the
vertical direction), as shown in the following formula.

Crystal orientation ratio=degree of crystal orientation
in the direction of extrusion/[(degree of crystal
orientation in the direction of extrusion)+(degree
of crystal orientation in the vertical direction)]
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The degree of crystal orientation was determined by X-ray
diffractometry. The degree of crystal orientation in the direc-
tion of extrusion was determined by measurement of X-ray
diffraction of the extrusion surface of each sintered honey-
comb body and calculation from the measured diffraction
intensity of the (002) plane (=I1(002)) and the measured dif-
fraction intensity of the (230) plane (=I(230)) using the fol-
lowing formula.

Degree of crystal orientation=/(002)/{Z(002)+1(230)}

The degree of crystal orientation in the vertical direction
was determined by measurement of X-ray diffraction of the
vertical surface of each sintered honeycomb body and calcu-
lation from 1(002) and 1(230) in the same manner as above.

Note that he diffraction intensity of the (002) plane is a
peak appearing near 50.8° 20 and the diffraction intensity of
the (230) plane is a peak appearing near 33.7° 26.

FIGS. 9 and 10 are perspective views illustrating the pro-
duction of a measurement sample for measuring X-ray dif-
fraction of the extrusion surface.

As shown in FIG. 9, a region 4 of the sintered honeycomb
body 1 including the end surface 1a was cut out to produce a
measurement sample shown in FIG. 10. Using the measure-
ment sample 5 shown in FIG. 10, the extrusion surface 5a of
this measurement sample 5 was measured in terms of X-ray
diffraction.

FIGS. 11 and 12 are perspective views illustrating the
production of a measurement sample for measuring X-ray
diffraction of the vertical surface, i.e., the surface perpendicu-
lar to the extrusion surface.

As shown in FIG. 11, a region 6 of the sintered honeycomb
body 1 corresponding to eight by two cells was cut out along
the direction of extrusion A to obtain a measurement sample
7 shown in FIG. 12. The surface (extrusion surface) 7a of this
measurement sample 7 extending along the direction of extru-
sion A was measured in terms of X-ray diffraction.

The crystal orientation ratio of each sintered honeycomb
body was calculated in the above manner. The results are
shown in Table 3.

Note that the (002) plane is a plane perpendicular to the
c-axis and a high intensity of the (002) plane means that the
c-axis is oriented.

(PM Combustion Onset Temperature)

Each sintered honeycomb body was ground in a mortar and
10% by weight carbon black (TOKABLACK #7100F manu-
factured by Tokai carbon Co., [.td.) was added as pseudo-PM
to the ground product and mixed together in the mortar.
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The obtained mixture was measured in terms of TG/DTA
using a thermal analyzer (a thermal analyzer EXSTAR6000
TG/DTA6300 manufactured by Seiko Instruments Inc.)
under the conditions of a temperature rise of 10° C./min, an
atmosphere of dry air at a rate of 200 ml/min, and a sample
amount of 5 mg to determine the onset temperature of TG
reduction due to combustion of the carbon black. The results
are shown in Table 3.

(Initial Pressure Loss and DPF Regeneration Rate)

Furthermore, the sintered honeycomb bodies of the above
Examples and Comparative Examples were subjected to a
DPF regeneration performance test using a diesel engine.

The procedure of regeneration rate measurement using the
DPF regeneration performance test was as follows: The initial
weight of each sintered honeycomb body (DPF) was previ-
ously measured and an oxidation catalyst (DOC) and the
sintered honeycomb body were placed in this order in an
exhaust line of the diesel engine. Next, the diesel engine was
started and its exhaust flow rate was then stably kept at 500
Nm?>/h. In this state, the pressures near the gas inlet and outlet
of the sintered honeycomb body in the exhaust pipe were
measured to determine the initial pressure loss of the sintered
honeycomb body. Then, a specific amount (approximately 8
g/L) of PM was deposited on the sintered honeycomb body
under the operating condition in which the exhaust tempera-
ture becomes low, the sintered honeycomb body was then
removed from the exhaust line, and the weight of PM depos-
ited was measured.

Next, the sintered honeycomb body was placed back again
and the accelerator opening of the diesel engine was then
controlled to raise the internal temperature of the sintered
honeycomb body to 520° C. For 30 minutes after the internal
temperature reached 520° C., the sintered honeycomb body
was held at a temperature of 530° C.£10° C. Subsequently,
the sintered honeycomb body was brought to an idling state in
two minutes.

The sintered honeycomb body was removed again and its
weight reduction (i.e., amount of PM combusted) was mea-
sured.

The regeneration rate was determined by the following
calculation formula:

Regeneration rate (%)=100-[{ (weight of PM depos-
ited (g))-(weight of PM combusted (g))}/weight
of PM deposited (g)]x100.

The results of initial pressure losses and DPF regeneration
rates are shown in Table 3.

TABLE 3

Physical Properties of Sintered Honeycomb Body
Base Material Catalyst Bending Strength CTE

Composition  Shape (um) Aspect Ratio Composition Aging  Porosity (%) (MPa) (x107%° C.)
Ex. 1 ALTIOs columnar 1.8 Na,ALTigO) 6 — 50.8 3.8 -1.5
Ex.2 ALTIO; columnar 1.8 CsAITIO, — 49.8 3.9 -14
Ex. 3 ALTIOs columnar 1.8 NaAlSiO, — 50.2 3.4 -1.5
Ex. 4 ALTIOs columnar 1.8 SrAlSi,Og — 48.9 35 -1.3
Ex. 5 ALTIOs columnar 1.8 KAISIO, — 50.5 3.4 -1.2
Ex. 6 ALTIO; columnar 1.8 Nag 5K sAISIO, — 48.0 3.6 -1.3
Ex. 7 ALTIOs columnar 1.8 Nag Ko gAlSIO, — 47.8 3.4 -1.2
Ex. 8 ALTIOs columnar 1.8 Nag gKo-AlSIO, — 48.5 35 -1.2
Ex. 9 ALTIOs columnar 1.8 Na,ALTigO) 6 — 51.2 3.6 -1.5
Ex. 10 ALTIOs columnar 1.8 Na,ALTigO) 6 — 46.1 4.3 -0.8
Ex. 11 ALTIOs columnar 1.8 Na,ALTigO) 6 — 58.3 2.1 0.1
Ex. 12 ALTIOs columnar 1.3 Na,ALTigO) 6 — 48.6 35 -1.0
Ex. 13 ALTIO; columnar 1.3 CsAITIO, — 47.2 35 -09
Ex. 14 ALTIOs columnar 1.3 NaAlSiO, — 47.1 3.0 -0.8
Ex. 15 ALTIOs columnar 1.3 SrAlSi,Og — 47.3 3.2 -09
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TABLE 3-continued

Ex. 16 AL TiOs columnar 1.8 Na,ALTigO, 4 done 50.7 3.8 -1.5
Ex. 17 ALTiOs columnar 1.8 CsAlITiO, done 49.8 39 -1.4
Ex. 18 ALTiOs columnar 1.8 NaAlSiO, done 50.0 34 -1.5
Ex. 19 ALTiOs columnar 1.8 SrAlSi,Og done 48.7 35 -1.3
Comp. Ex. 1 AL TiOs granular 1.1 Na,ALTigO, 4 — 46.5 3.4 2.5
Comp. Ex. 2 ALTiOs columnar 1.8 — — 50.2 3.8 -1.5
Comp. Ex. 3 ALTiOs columnar 1.8 Pt — 42.2 3.6 32
Comp. Ex. 4 AL TiOs granular 1.1 Na,ALTigO, 4 done 46.5 3.4 2.5
Comp. Ex. 5 ALTiOs columnar 1.8 — done 50.1 3.8 -1.5
Comp. Ex. 6 ALTiOs columnar 1.8 Pt done 41.1 34 33

Physical Properties of Sintered Honeycomb Body Evaluation of DPF Performance
Degree of Crystal Degree of Crystal Crystal Initial PM Combustion DPF

Orientation in Orientation in Orientation Pressure Onset Regenera-
Extrusion Direction A  Vertical Direction B Ratio Loss Temperature tion Rate

Tooo/(Tooz + Lozo) To02/(Tooa + Inzo) A/A+B) (kPa) “C) (%)

Ex. 1 0.78 0.12 0.87 1.88 472 95

Ex.2 0.80 0.09 0.90 1.84 522 85

Ex. 3 0.80 0.10 0.89 1.78 518 88

Ex. 4 0.78 0.09 0.90 1.91 527 83

Ex. 5 0.77 0.10 0.89 1.80 510 88

Ex. 6 0.80 0.09 0.90 2.00 495 91

Ex. 7 0.76 0.11 0.87 1.98 503 90

Ex. 8 0.79 0.12 0.87 2.12 509 90

Ex. 9 0.80 0.12 0.87 2.04 498 89

Ex. 10 0.78 0.10 0.89 2.23 460 96

Ex. 11 0.51 0.21 0.71 1.43 475 95

Ex. 12 0.51 0.18 0.74 2.20 475 95

Ex. 13 0.50 0.18 0.74 2.24 528 83

Ex. 14 0.50 0.20 0.71 2.21 521 86

Ex. 15 0.48 0.20 0.71 2.11 525 85

Ex. 16 0.78 0.12 0.87 1.70 472 96

Ex. 17 0.80 0.09 0.90 1.84 530 82

Ex. 18 0.80 0.10 0.89 1.81 519 88

Ex. 19 0.78 0.09 0.90 1.89 529 82

Comp. Ex. 1 0.32 0.30 0.52 3.14 475 93

Comp. Ex. 2 0.80 0.10 0.89 1.91 600 43

Comp. Ex. 3 0.80 0.12 0.87 3.52 521 82

Comp. Ex. 4 0.32 0.30 0.52 3.02 475 93

Comp. Ex. 5 0.80 0.10 0.89 1.86 600 43

Comp. Ex. 6 0.80 0.12 0.87 3.49 590 45

As shown in Table 3, the sintered honeycomb bodies (ex-
haust gas purification filters) of Examples 1 to 19 according to
the present invention exhibit low coefficients of thermal
expansion, high porosities, low PM combustion onset tem-
peratures, and superior DPF regeneration rates. The reason
for this is that a catalyst is supported on the surfaces of
columnar aluminum titanate particles having an aspect ratio
of'1.3 or more. Since there is no need for coating of catalyst on
the sintered honeycomb body, it can be avoided that the
catalyst enters microcracks to increase the coefficient of ther-
mal expansion. Furthermore, since each sintered honeycomb
body exhibits a high porosity and a low PM combustion onset
temperature, it can prevent pressure loss of exhaust gas upon
deposition of PM. Therefore, an exhaust gas purification filter
can be provided which has a high PM combustion efficiency
and a high DPF regeneration rate.

The sintered honeycomb bodies shown in Examples 16 to
according to the present invention reveals that their coeffi-
cient of thermal expansion, porosity, and PM combustion
onset temperature did not vary from those of the sintered
honeycomb bodies before being aged (Examples 1 to 4),
which shows that the exhaust gas purification filter of the
present invention has superior thermal resistance. As seen
from Comparative Example 1, with the use of granular alu-
minum titanate particles having an aspect ratio of below 1.3,
a low coefficient of thermal expansion cannot be achieved.

As seen from Comparative Example 3, if the catalyst is
applied to a sintered body by coating, a high porosity and a
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low coefficient of linear expansion cannot be achieved. The
reason for this is that the catalyst enters pores or microcracks
in the sintered body.

As seen from Comparative Example 6, this sintered hon-
eycomb body exhibits a low porosity, a high coefficient of
thermal expansion, and a high PM combustion onset tempera-
ture as compared with the sintered honeycomb body before
being aged (Comparative Example 3). This is because the
catalyst applied thereto by coating has low thermal resistance.

Therefore, the present invention can provide an exhaust gas
purification filter on which a catalyst is supported in a simple
manner and which has a high PM combustion efficiency, a
low coefficient of thermal expansion, superior thermal resis-
tance, and superior DPF regeneration rate.

REFERENCE SIGNS LIST

1. .. sintered honeycomb body (honeycomb structure)

la . . . end surface of honeycomb structure

2 ... central portion of honeycomb structure

3 ... measurement sample cut out of honeycomb structure

4 .. . region of honeycomb structure near end surface

5 ... sample for measuring X-ray diffraction of extrusion
surface of honeycomb structure

5a . . . extrusion surface

6 . . . region of eight by two cells of honeycomb structure

7 . .. sample for measuring X-ray diffraction of vertical
surface of honeycomb structure

7a .. . vertical surface
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The invention claimed is:

1. An exhaust gas purification filter formed by sintering
columnar aluminum titanate particles whose surfaces have a
catalyst material deposited thereon and which have an aver-
age aspect ratio (=number average major-axis length/number
average minor-axis length) of 1.3 or more,

wherein a catalyst made from the catalyst material by ther-

mal treatment during the sintering is supported on the
surface of the aluminum titanate.

2. The exhaust gas purification filter according to claim 1,
wherein the catalyst contains a composite oxide containing:
at least one metal of alkali metals and alkaline earth metals;
and at least one of Al, Si, Ti, and Zr.

3. The exhaust gas purification filter according to claim 1,
wherein the exhaust gas purification filter is made by sintering
a filter green body formed by extrusion and the coefficient of
thermal expansion of the exhaust gas purification filter in a
direction of the extrusion between 30° C. and 800° C. is
1.0x107%° C. or less.

4. The exhaust gas purification filter according to claim 1,
wherein the exhaust gas purification filter is made by sintering
a filter green body formed by extrusion and the c-axis crystal
orientation ratio of the exhaust gas purification filter in the
direction of the extrusion is 0.7 or more.
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5. The exhaust gas purification filter according to claim 1,
wherein the exhaust gas purification filter has a porosity of
40% to 60%.

6. A method for producing the exhaust gas purification
filter according to claim 1, the method comprising the steps
of:

producing columnar aluminum titanate particles having an

average aspect ratio (=number average major-axis
length/number average minor-axis length) of 1.3 or
more;

extruding a mixture containing the columnar aluminum

titanate particles and the catalyst material to produce a
filter green body; and

thermally treating the filter green body to sinter the colum-

nar aluminum titanate particles and concurrently ther-
mally treating the catalyst material to form a catalyst,
resulting in production of an exhaust gas purification
filter in which the catalyst is supported on the surface of
the aluminum titanate.

7. The method for producing the exhaust gas purification
filter according to claim 6, wherein the catalyst material con-
tains: at least one compound of alkali metal salts and alkaline
earth metal salts; and at least one of an aluminum source, a
silicon source, a titanium source, and a zirconium source.

#* #* #* #* #*



